INTRODUCTION
Influenza viruses, members of the orthomyxoviridae family, circulate worldwide and are a major global health threat. 1 Influenza viruses cause epidemics of respiratory illness which are often associated with increased hospitalization and mortality. 2 Intensive research on the molecular evolution of influenza viruses has provided important insights of seasonal genesis and spread in human populations. 3 They are characterized by genetic and antigenic variability of surface antigens, including haemagglutinin (HA) and neuraminidase (NA) proteins. 4 Acute respiratory infection remains a global leading cause of death, and influenza is among the most important causes of severe infections and deaths every year. 5 Current estimates indicate that each year seasonal influenza affects 5 to 10% of the world's population resulting in 250,000 to 500,000 deaths. 6 Influenza related complications is often seen in very young, elderly and people with underlying medical conditions. 7 Therefore, this study was designed to explore molecular epidemiology of seasonal influenza viruses in Nepal.
METHODS
A descriptive, cross-sectional study was conducted at the National Influenza Center (NIC), National Public Health Laboratory (NPHL), Kathmandu, Nepal from January to December 2014. A total of 1495 throat swab specimens were collected from patients presenting with influenza-like-illness (ILI); which included a fever >38 0 C in addition to two or more symptoms including cough, running nose, chills and / or sore throat within last seven 9 Fifty micro-liter of culture supernatant was added to U shaped micro-well plate containing 50 μl of phosphate buffer solution (pH 7.2) and a serial two fold dilution was made. The same volume (50 μl) of RBC suspension (0.75%) was added to all microwells and incubated for one hour at room temperature for a HA reaction. A positive reaction was observed by mat formation in U-shape well of the plates (Greiner, Germany) and settled RBCs in the form of button were recorded negative reactions. The specimens with a HA titer ≥ 1:32 were processed for antigenic characterization by hemagglutination inhibition (HI) assay.
A total of 93 viruses were successfully isolated from 148 influenza-positive specimens. A HI assay was used to identify influenza A/H3, A/H1N1 pdm09 and influenza B viruses. 9 The susceptibility of viruses to four Neuraminidase (NA) inhibitors (Oseltamivir, peramivir, Zanamivir and Laninamivir) were examined by fluorescent NA inhibition assay and expressed as the drug concentration required to inhibit NA activity by 50% (IC 50 ). Antiviral drug sensitivity assay was kindly supported by National Institute of Infectious Diseases, WHO Collaborating Center for Influenza and Research on Influenza, Tokyo, Japan. Nucleotide sequences of HA gene of influenza viruses were used for phylogenetic analysis. Nucleotide sequences were aligned using the CLUSTALW program. All results were based on pairwise analysis, which was performed using the Maximum Composite Likelihood method in Molecular Evolutionary Genetic Analysis (MEGA) version 5 as described previously. 10 Each of sequences was registered in Global Initiative on Sharing All Influenza Data (GISAID), a public database (http://www.gisaid.org). Statistical analysis was performed using SPSS-11.5 version, inferential statistic and percentage were generated. 
RESULTS
A total of 1495 throat swab specimens were received from 59 districts of Nepal; of these influenza virus transmission was found in 36 districts (Figure-1) . Influenza viruses were detected in 421(28.2%) throat swab specimens during the year 2014. The higher number of specimens and positivity of influenza viruses were found in densely populated cities such as Kathmandu (132/432), Lalitpur (129/409), Bhaktapur (26/99) followed by Makawanpur (17/68), Baglung (29/32) and Bhojpur (16/23) district.
Influenza A virus was detected in 301/421 (71.5%) specimens; of which 120(39.9%) were influenza A /H1N1 pdm09 and 181 (60.1%) were influenza A/H3 subtype. Similarly, influenza B virus was detected in 119 (28.3%) and 1(0.2%) specimen was found influenza A/H3 and influenza B co-infection. Among the total cases, 1078 (72.1%) had an ILI and 417 (27.9%) had shown SARI like clinical presentation. Of those with an ILI, 369 (34.2%) were influenza positive and of those with SARI, 52 (12.5%) specimens were positive for influenza virus (Table-1 ).
Influenza cases were found throughout the year 2014 with the highest number of cases reported in April (21%), March (19%) and August (16.8%) followed by July (12.8%) and February (8.8%). The lowest number of cases was seen during December (1.2%). Influenza A/H3 was detected year-round except October and November. Similarly, influenza A/H1N1 pdm09 was not detected in between September to December and also in July. Influenza B was reported year round, being highest in April (Figure-2) . 
DISCUSSION
Nucleic acid amplification tests are the preferred methods for identification of respiratory viral infections, including influenza and PCR-based methods provide rapid, sensitive detection and most importantly, helpful with identifying different subtypes of influenza viruses. 13 Influenza Like Illness was found year-round in Nepal with a predominant A/H3 subtype in 2013 and 2014. Influenza cases were highest during August, July, March followed by February and April. Higher numbers of ILI cases were reported from Kathmandu, Lalitpur, Bhaktapur, Makawanpur, Baglung and Bhojpur districts which have a distinct geography and climatic variation. Similar findings were reported from Srinagar (JanuaryMarch), Delhi (July-September), Lucknow (June-July), Kolkata (June-July) and Pune (July-September) of India where subtype A/H3 was predominant in 2011, 2012 and 2013. 14 Similarly, the predominant subtype in most tropical South America was influenza A/H3N2, with cocirculation of influenza A/H1N1 pdm09 and influenza B. 15 Human influenza transmission usually occurs in the winter season in the northern hemisphere temperate region but the exact timing and duration of the influenza season varies by country and year. 16 Many studies investigated the seasonal patterns of influenza but the exact mechanisms of spread and emergence of new variant strains of viruses are still not well understood. 1 From the public health prospective, information on seasonality of pathogens is crucial to inform the timing of interventions, particularly for a climatically and economically diverse country. 17 In this perspective, effective influenza surveillance systems are essential to understand the epidemiology and seasonality of influenza and for optimizing influenza control strategies.
14 Annual seasonal influenza epidemics alone causes significant morbidity and mortality, affecting 5-15% of the global population, hence are of major public health concern. 18 The study conducted in Thailand, 19 Singapore, 20 Vietnam, 21 Philippines 22 have shown that there is a substantial burden of influenza in South-East Asia. 23 In Nepal, the number of ILI cases reached at peak (28.2%) in 2014 which is similar to other countries belonging to South-East Asia.
Influenza H3N2 subtype was predominant during 2014 in Nepal and a similar finding was reported from the European countries dominated by influenza A/H3N2 although, both A/H1N1 pdm09 and B viruses were cocirculated. 24 Of note, influenza B activity was observed year-round, being highest in February. South East Asia, including Cambodia, Laos People's Republic, The Philippines, Thailand and Singapore reported overall decreasing influenza activity, with influenza A/H3N2 viruses predominating during the year 2014. 25 The findings of our study could be helpful to recommend vaccine selection and in preparedness for the influenza outbreak. All of the viruses to four NA inhibitors (oseltamivir, peramivir, zanamivir and laninamivir) were found to be sensitive. In a similar study conducted in Beijing, China, all of the A/H1N1 pdm09 viruses isolated in 2012-2013 were sensitive to oseltamivir. 26 Circulating strains of the virus during influenza season in Nepal revealed many similarities with our neighboring countries and the region. Our finding showed year-round transmission with a peak influenza activity during the rainy and winter season is similar to Thailand, Northern Vietnam and Lao-PDR. Factors driving seasonality of transmission are not well defined but likely include a combination of climatic conditions, susceptibility of the population, and virus characteristics. 6 This study had various constrains, such as limited number of specimens were analyzed which may not be representative of entire population of affected districts. Because of limited funds and resources, we could not perform detailed genetic characterizations. However, effective and continued influenza surveillance systems are essential to understand the epidemiology and seasonality of influenza and for optimizing control strategies.
CONCLUSIONS
Circulation of seasonal influenza viruses was found in various geographical regions throughout the year which were similar to other tropical and sub-tropical countries in South-East Asia.Influenza viruses isolated in Nepal are similar with vaccine candidate virus which could be prevented by currently used influenza vaccine. 
